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Lymphocyte stimulation tests and determination of T-lymphocyte subpopula-
tions were undertaken in 11 subjects before and after rubella vaccination and in
11 controls. The lymphocyte stimulation response to phytohemagglutinin was
suppressed 7 to 10 days after vaccination. The proportion ofT lymphocytes with
receptors for the Fc part of immunoglobulin G increased after vaccination,
whereas there was no significant change in the proportion ofT lymphocytes with
immunoglobulin M-Fc receptors.

Cell-mediated immune reactions such as de-
layed dermal hypersensitivity and in vitro lym-
phocyte stimulation are often depressed during
various viral diseases such as morbilli, rubella,
and infectious mononucleosis (4, 6, 8, 12, 13, 15,
24).
This depression of cell-mediated immunity

(CMI) might be the result of activation of cells
with suppressor function. In mice it has been
shown that a subpopulation of T lymphocytes
with specific surface antigens acts as suppressor
cells (for review, see reference 25).
Recently Moretta et al. have identified subsets

of human T cells that have receptors for the Fc
portion of either immunoglobulin G (IgG) (TG
cells) or IgM (TM cells) or that lack these recep-
tors (5, 18). It has been shown that TG cells have
a suppressor effect, whereas TM cells have a
helper effect on pokeweed mitogen-induced or
antigen-specific B-cell responses in vitro (9, 19).

In the present study we have investigated
whether the suppression of CMI, occurring dur-
ing viral infection, is correlated to any changes
in the size of the T-lymphocyte subpopulations.
We chose to study infection with an attenuated
rubella vaccine since it has been shown that
CMI is depressed the same way after vaccination
as during natural rubella infection (4, 7, 16, 17,
23).

MATERIALS AND METHODS

Heparinized blood was obtained from 11 female
nursing students 17 to 39 years old before and at
various intervals after vaccination with live, atten-
uated rubella vaccine (Wistar RA 27/3 lot RB 25/19
and RB 25/20, The Wellcome Foundation Ltd., Lon-
don). Before vaccination, all the vaccinees were shown
to be seronegative to rubella by hemolysis in gel tech-
nique (no detectable zon) (22). Eleven unvaccinated
seropositive nursing students 17 to 39 years old served

as controls and were tested at the same intervals as
the vaccinees.

Leukocyte counts and differential counts were al-
ways done in connection with the drawing of blood for
lymphocyte separation.

Cell preparation. The heparinized blood was di-
luted 1:2 in 0.9% saline, layered on ficoll-isopaque
(Ficoll-Paque, Pharmacia, Uppsala, Sweden) and cen-
trifuged at 400 x g for 40 min. The interphase cells
were collected and washed twice in phosphate-
buffered saline without calcium and magnesium and
once in RPMI 1640 medium (Gibco Bio-Cult, Paisley,
Scotland) (1). This cell population usually contained
5 to 10% polymorphonuclear cells. A portion of this
cell suspension was used for cell cultures. The remain-
ing cells were treated with carbonyl iron (100 mg for
30 min at 370C) after which the phagocytic cells were
removed with a magnet. Cultures were also set up with
phagocyte-depleted cells.

Culture conditions and assay for deoxyribo-
nucleic acid (DNA) synthesis. Cultures for deter-
mination ofDNA synthesis were set up in duplicate or
triplicate in tubes containing 5 x 105 mononuclear
cells in 1 ml of RPMI 1640 medium supplemented
with 10% AB serum pool (treated at 56°C for 30 min),
L-glutamine, penicillin, and streptomycin or in micro-
plates (3040 Microtest II, Falcon Plastics, Oxnard,
Calif.) with 2 x 10' mononuclear cells per well in 0.2
ml of the same medium as above. The cultures were
incubated at 37°C in humidified air with 5% CO2. After
0 to 4 days of incubation, 0.1 1tCi of ['4C]thymidine
(Radiochemical Centre, Amersham, England) was
added to each tube and 0.05,Ci was added to each
microplate well. After further incubation for 18 h the
cultures were frozen. The cells were harvested on
membrane filters (Millipore Corp.). Radioactivity was
measured in a liquid scintillation counter and ex-
pressed in counts per minute per culture. The mean of
duplicates or triplicates was calculated.

Antigens and mitogens. Cultures were stimulated
with the following: (i) phytohemagglutinin (PHA)
(Wellcome Research Laboratories, Beckenhan, Eng-
land) at final concentrations of 0.25, 2.5, and 25 ,ug/ml
in microplates (['4C]thymidine was added after 48 h)
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and (ii) purified protein derivate (PPD) (Statens Se-
rum Institut, Copenhagen, Denmark) at final concen-

trations of 1 and 10 Ig/ml in tubes (['4C]thymidine
was added after 4 days).
PHA and PPD stimulations were done by using cell

cultures containing phagocytes as well as those de-
pleted of phagocytes. To study spontaneous DNA
synthesis ['4C]thymidine was added to some cultures
on day 1.
Assay for E-rosette-forming cells (10). A total

of 500,000 lymphocytes in 0.1 ml of RPMI 1640 me-
dium was mixed with 0.1 ml of 1% neuraminidase
(Behringwerke, Germany)-treated sheep erythrocytes
(SRBC) in 100% heat inactivated fetal calf serum
(Flow Laboratories, Irvine, England). The tubes were
centrifuged at 200 x g for 5 to 6 min, incubated at
room temperature for 1 h, and then placed at 40C
overnight. The cells were suspended and counted for
E-rosette-forming cells. Lymphocytes binding three or
more SRBC were regarded as positive. Tests were
done in duplicate.

Separation of T and B lymphocytes. T cells
were separated by resetting with SRBC followed by
gradient centrifugation. Lymphocytes at a concentra-
tion of 10 x 106 to 15 x 106 cells/ml in RPMI 1640
medium were mixed with equal volumes of 5% neura-
minidase-treated SRBC in 100% fetal calf serum. The
tubes were centrifuged, incubated at room tempera-
ture for 1 h, and then placed at 40C overnight. Roset-
ting and nonrosetting cells were separated by centrif-
ugation in a Ficoll-Isopaque gradient. Cells in the
interphase were collected. The pellet was suspended,
and the gradient centrifugation was repeated. The
final pellet contained 95 to 100% E-rosette-forming
cells. The SRBC were then lysed by treatment with
0.83% NH4CL.
Anti-oxRBC antibody. Anti-ox erythrocytes

(oxRBC) antibodies were raised in rabbits by repeated
injections intraperitoneally of 1 to 5 ml of 25% oxRBC.
IgM and IgG fractions were prepared from rabbit
antisera by Sephadex-G200 gel filtration. The hem-
agglutination titer of concentrated IgM fractions was,
lh2 to 164 and the titer of concentrated IgG fractions
was 1A28 to ½M56. Treatment with 2-mercaptoethanol
completely abolished the hemagglutinating capacity
of the IgM fractions but did not change the hemagglu-
tination titer of the IgG fractions.

Preparation of oxRBC-antibody complexes.
Equal volumes of washed oxRBC at a concentration
of 2% and purified IgM antibody (0.5 to 0.25 HA unit)
or IgG antibody (0.5 to 0.25 HA unit) were mixed and
incubated at 370C for 30 min. The ox erythrocyte-IgG
antibody (oxEAG) and the ox erythrocyte-IgM anti-
body (oxEAM) complexes were then washed and re-

suspended to a concentration of 0.5%.
Determination of TG and TM cells. TG and TM

cells were identified by rosette formation as described
by Moretta and co-workers (5, 18). A 0.1-ml amount
of a cell suspension containing 3 x 106 cells/ml was

mixed with 0.1 ml of oxEAM or oxEAM and centrifuged
at 200 x g for 5 min followed by incubation at 40C for
30 min. The pellet was gently resuspended, and 400
lymphocytes from each tube were counted for rosette
formation. A rosette was defined as a lymphocyte with
three or more red cells attached. All tests were per-

formed in duplicate. T cells examined for oxEAM ro-
sette formation had been incubated overnight at 370C
in RPMI 1640 medium supplemented with 20% fetal
calf serum. Tests for TG cells were done by using
freshly prepared T cells as well as T cells incubated
overnight at 370C.

Statistics. The differences between postvaccina-
tion and prevaccination values were calculated and
analyzed by the Wilcoxon rank sum test.

RESULTS
PHA stimulation of DNA synthesis. Lym-

phocyte stimulation tests performed in vaccinees
before and after vaccination and in unvaccinated
controls showed that there was a significant
decrease in the stimulation response to PHA at
0.25 ,ug/ml (P < 0.02) and 25 1Lg/ml (P < 0.01) 7
to 10 days after vaccination (Tables 1 through
3). There was a slight decrease also in the re-
sponse to the optimal dose of PHA (2.5 ,ug/ml),
but this decrease was not significant. Two vac-
cinees (9 and 11) and their corresponding con-
trols responded poorly to PHA at 0.25 jig/ml
when tested before vaccination. After vaccina-
tion these vaccinees did not have a decreased
response; however, since the controls showed an
increased response, it seems likely that the low
thymidine uptake before vaccination was due to
some technical error.
The PHA response was always lower in phag-

ocyte-depleted cell cultures than in cell cultures
containing phagocytes. The difference in PHA
responsiveness between phagocyte-depleted cell
cultures and phagocyte-containing cultures was

TABLE 1. Lymphocyte stimulation response to PHA
at 0.25 pg/ml and percentage of TG cells in 11

vaccinees before and after vaccinationa
Day 0 Days 7-10

Vaccine ['4C]thy- TG [4C]thy- TGmidne up- cells midine up- cells
take (cpm take (cprn a
x l,OOO)b X 1,000)

1 30.7 19 5.7 27
2 23.0 16 6.5 13
3 21.8 21 15.6 37
4 19.7 4 16.8 7
5 21.5 4 23.9 7
6 10.2 33 3.3 50
7 14.6 13 5.9 18
8 15.4 13 11.0 19
9 0.5 5 1.3 14
10 9.1 10 5.8 14
11 1.3 14 1.5 25

Mean 15.3 14 8.8 21
Median 15.4 13 5.9 18
a T lymphocytes incubated overnight at 37°C before

resetting.
b cpm, counts per minute.
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of the same magnitude before and after vacci-
nation (data not shown).
PPD stimulation. The lymphocyte stimula-

tion response to PPD was lower after vaccina-
tion than before vaccination, but the difference
did not reach significance due to the great indi-
vidual variation of the response (Table 4).
Spontaneous DNA synthesis. There was

no change in the spontaneous DNA synthesis
after vaccination (data not shown).
Blood picture. There was no significant

change in the leukocyte counts after vaccination
(Table 5). Differential counts showed a decrease
in the proportion of lymphocytes after vaccina-
tion, but this decrease was not significant. How-
ever, when absolute values of lymphocytes were
calculated there was a significant reduction after
vaccination (P < 0.01).
E-rosettes. The proportion of E-rosettes did

TABLE 2. Lymphocyte stimulation response to PHA
at 0.25 pg/ml andpercentage of TG cells in 11

controls
Day 0 Days 7-10

114C]thy- [14C]thy-
Control midine up- TG midine up- TG

take cells take cells
(cpm x (%) (cpm x (%)
1,000)b 1,OOO)b

1 21.3 11 18.6 9
2 Not done 18 Not done 22
3 21.0 6 22.6 5
4 20.8 13 17.5 14
5 5.9 16 6.0 12
6 15.6 6 11.7 5
7 7.0 10 5.2 13
8 7.1 11 9.0 8
9 1.8 13 5.0 14
10 13.9 9 16.3 9
11 1.6 14 5.2 16

Mean 11.6 12 11.7 12
Median 10.5 11 10.3 12

a T lymphocytes incubated overnight at 370C before
resetting.

b cpm, Counts per minute.

not change after vaccination. In the vaccinees
the median was 83% (range, 78 to 90) before
vaccination and 82% (range, 79 to 89) after vac-
cination.
Subpopulations ofT lymphlbcytes. A total

of 10 out of 11 vaccinees had a higher proportion
of TG cells 7 to 10 days after vaccination than
they did before vaccination (Tables 1, 2, 6). One
of the vaccinees had a TG cell level above the
normal range before vaccination but still showed
a further increase in the proportion of TG cells
after vaccination. In the unvaccinated controls
there were only minor changes in the TG cell
level. The increase in the percentage of TG cells
in the vaccinees is statistically significant (P <
0.01). The absolute number of TG cells did not
increase after vaccination since the total number
of lymphocytes in the peripheral blood was re-
duced.
TG cell determinations were done with fresh

T cells as well as T cells which had been incu-
bated at 370C overnight. In both instances an
increase of the TG cell level was observed after
vaccination, but the increase was significant only
in the tests where incubated T cells were used.
This difference was because in unvaccinated
subjects (the vaccination group before vaccina-
tion and the control group) the percentage ofTG
cells usually (in 14 out of 21 subjects) decreased
slightly after incubation of T cells, whereas in
the vaccinees the proportion ofTG cells often (in
TABLE 4. Lymphocyte stimulation response to PPD
in 10 vaccinees before and 7-10 days after rubella

vaccination and in 9 controls

Response' to PPD concn
Vaccination day

1 ,g/ml 10 pg/ml
Before vaccination

Vaccinees 18.3 (5.0-44.0) 25.3 (5.9-48.7)
Controls 26.0 (6.8-50.7) 31.5 (10.6-51.0)

7-10 days after vac-
cination

Vaccinees 7.1 (1.2-23.6) 11.2 (3.0-22.8)
Controls 30.0 (4.7-54.4) 27.3 (6.9-63.8)

aMedian and (range) x 1,000 counts per minute.

TABLE 3. Lymphocyte stimulation response to PHA in 11 vaccinees before and 7 to 10 days after rubella
vaccination and in 10 controls

Response' to PHA concn
Vaccination day

0.25 pg/ml 2.5 pg/nil 25,ug/ml
Before vaccination

Vaccinees 15.4 (0.5-30.7) 20.7 (6.4-35.0) 15.9 (7.9-28.6)
Controls 10.5 (1.6-21.3) 18.7 (5.7-28.7) 15.7 (2.1-25.4)

7-10 days after
vaccination

Vaccinees 5.9 (1.3-23.9) 19.0 (3.7-27.8) 11.0 (4.7-24.9)
Controls 10.3 (5.0-22.6) 18.5 (11.3-28.8) 15.0 (4.9-23.2)
a Median and (range) x 1,000 counts per minute.
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TABLE 5. Leukocyte counts, percentage of
lymphocytes, and absolute number of lymphocytes in

11 vaccinees before and 7-10 days after rubella
vaccination and in 10 controls'

aLympho- Lympho-

Vaccin yLeukocyte C cym - cytes (abso-Vaccmaton day x 10/liter cye lute no. x
(10/liter)

Before vaccination
Vaccinees 5.9 (4.5-6.5) 36 (30-51) 2.2 (1.6-2.6)
Controls 5.3 (4.2-7.0) 40 (19-53) 2.0 (1.3-3.2)

7-10 days after vac-
cination

Vaccinees 5.7 (3.2-12.8) 32 (6-40) 1.7 (0.4-2.3)
Controls 6.1 (4.3-12.5) 37 (23-53) 2.1 (1.4-6.6)

e Values are median and (range).

TABLE 6. Percentages and absolute numbers of TG
cells in 11 vaccinees before and 7-10 days after

rubella vaccination and in 11 controls

TG cells TG cells TG cells, abso-
Vaccination day ()cs lute no. X 10'!'' liter of blood"

Before vaccination
Vaccinees 15 (4-35) 13 (4-33) 0.21 (0.06-0.44)
Controls 12 (6-19) 11(6-18) 0.18 (0.10-0.35)

7-10 days after vac-
cination

Vaccinees 16 (9-41) 18 (7-50) 0.19 (0.05-0.57)
Controls 13 (5-18) 12 (5-22) 0.23 (0.11-0.31)

aMedian (range). TG cells determined using freshly pre-
pared T cells.

'Median (range). TG cells determined after overnight in-
cubation of T cells at 37"C.

'Median range. T cells incubated.

TABLE 7. Percentages and absolute numbers of TM
cells in 10 vaccinees before and 7-10 days after

rubella vaccination and in 10 controls'

ViTM celLs TM cells, abso-
Vaccination day TMcls lute no. X WM/l-

ter of blood

Before vaccination
Vaccinees 52 (26-67) 0.86 (0.39-1.28)
Controls 51 (31-0) 0.76 (0.49-1.75)

7-10 days after vac-
cination

Vaccinees 52 (17-71) 0.64 (0.18-1.10)
Controls 50 (38-74) 0.96 (0.60-3.63)

'Values are median and (range).
6 out of 10 cases) increased slightly after incu-
bation of T cells.
The relative proportion of TM cells did not

change significantly after vaccination, but the
absolute number was reduced (P< 0.01) because
of the decrease of lymphocytes in the blood
(Table 7).

DISCUSSION
In the present study suppression of the lym-

phocyte stimulation response to PHA was dem-

onstrated 7 to 10 days after rubella vaccination.
Several other investigators have previously
shown suppression ofvarious parameters ofCMI
after vaccination with attenuated rubella vac-
cines, including the vaccine strain used in the
present study (4, 7, 16, 17, 23). In some of these
previous studies suppression of the PHA re-
sponse was most evident when suboptimal doses
of PHA were used (4, 23). We found no signifi-
cant suppression ofthe response to optimal PHA
doses, but at both sub- and supraoptimal PHA
concentrations there was a suppression.

It is not likely that this suppression of lym-
phocyte stimulation was caused by serum factors
since we supplemented all lymphocyte cultures
with the same pooled AB serum. In other studies
suppression has also been demonstrated in the
absence of autologous serum (4) or when autol-
ogous serum drawn before vaccination was used
(23), although Maller and co-workers found the
suppression after natural rubella infection to be
more pronounced in cultures supplemented with
autologous plasma than in cultures with pooled
homologous plasma (13).
One possible explanation for the suppression

of CMI after rubella vaccination could be that
the lymphocytes had been infected with virus
and that virus-infected lymphocytes are less re-
sponsive to mitogens. This hypothesis is sup-
ported by studies made by Buimovici-Klein and
Cooper (3). They isolated vaccine virus from
lymphocytes after rubella vaccination of sero-
negative persons and observed that the discov-
ery of virus correlated in time with suppression
of the PHA response. On the other hand, it has
been shown previously that rubella vaccination
induces approximately the same degree of im-
munosuppression in seropositive individuals as
in seronegative individuals (23). If infection of
the lymphocytes is the mechanism behind the
immunosuppression, one has to postulate that
the lymphocytes ofimmune persons also become
infected after rubella vaccination, which to us
seems less likely. Mailer and co-workers found
that when lymphocyte cultures were infected in
vitro with rubella virus there was a suppression
of the PHA response, but only in lymphocytes
from immune donors, suggesting an immunolog-
ical mechanism (14).
The transient immunosuppression that occurs

in association with various acute infections
might be the result of increased suppressor cell
activity. Macrophages have been shown to have
a suppressor effect on the lymphocyte stimula-
tion response in patients with neoplastic diseases
(for review see reference 2) and on the in vitro
B-cell response in patients with tuberculosis
(11). In the present study removal of phagocytic
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cells did not restore the lymphocyte stimulation
response to the level found before vaccination.
This is in accordance with the results of a pre-
vious study in which macrophages were removed
by adherence from lymphocytes of rubella-in-
fected subjects (23).

In the present study we found an increase in
the proportion of TG cells after vaccination. It is
well documented that TG cells can act as sup-
pressor cells on B-cell responses in vitro (9, 19).
It has also been shown that TG cells from new-

borns have a suppressor effect on the prolifera-
tive response of lymphocytes from the mothers
(20). Thus it is possible that the suppression of
the lymphocyte stimulation response seen after
rubella vaccination is caused by the activation
of TG cells. To prove this it will be necessary to
compare the stimulation response oflymphocyte
cultures depleted of TG cells with that of cultures
containing TG cells. An elevation of TG cell val-
ues has also been observed in some other infec-
tions, namely influenza, viral hepatitis (L. Mor-
etta, personal communication), and tuberculosis
(11). It seems likely that an increase in the
proportion of TG cells is part of the normal
immunoregulatory response in various infec-
tions.

In unvaccinated subjects the proportion of TG
cells usually decreased slightly after overnight
culture of T cells, which is in agreement with a

previous report (21). However, in the vaccinated
subjects there was a slight increase in the pro-

portion of TG cells after overnight culture of the
T cells. We do not know the reason for this
increase.

In conclusion, we have shown that after ru-

bella vaccination there is a suppression of the
lymphocyte stimulation response and also an

increase in the percentage of TG cells. However,
we have no direct proof that the TG cells cause

the immunosuppression.
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